Background: Factors involved in individual's response to loop diuretics in cirrhotic patients with ascites are many, which renders it difficult to austerely predict response to diuretic therapy in those patients. The aim of this study was to evaluate factors which determine initial response to loop diuretic therapy in those patients and to determine whether such factors can predict a sustained diuresis response. Patients and Methods: One hundred and ten patients with non-malignant chronic liver disease and ascites were treated with IV furosemide in doses according to serum creatinine together with oral spironolactone 50mg twice daily. Before and during the diuretic therapy a set of clinical and laboratory variables were investigated as possible predictive factors influencing the therapeutic response to diuretics. The renal arterial resistive index (RI) (reflecting renal vascular resistance) was estimated with duplex Doppler ultrasonography. Results: Our study revealed statistically significant relation between high ascites grade(p=0.013), higher Child-Pugh class (p< 0.001), higher baseline serum creatinine & lower eGFR (p< 0.001), and high renal resistive index (p=0.002) with poor diuretic response. Conclusion: combining both clinical and laboratory findings together with elevated baseline renal resistive index would be helpful in early identification of the subgroup of patients who are at higher risk of diuretic resistance.
Introduction
Sodium restriction and diuretic therapy constitute the standard medical management for ascites and are effective in approximately 95% of patients. Multiple diuretic classes are used to treat patients with liver disease (1) . aldosterone antagonists, such as spironolactone, represent first-line diuretics in the treatment of ascites in patients with cirrhosis. The initial dose is 100-200 mg/dl (2) . The addition of loop diuretics, which act by blocking the luminal Na-K-2Cl transporter in the thick ascending limb of the loop of Henle, potentiates the natriuretic effects of aldosterone antagonists.
Furosemide is the most widely used looptype diuretic and is erratically absorbed with an absolute bioavailability of 49±17% (3) . There are three major types of adverse events associated with furosemide: hypovolemia and electrolyte imbalance due to diuresis, hypersensitivity, and ototoxicity, This side effect occurs more commonly in the elderly, CKD patients, and patients taking non-steroidal anti-inflammatory drugs (NSAIDs) (4) . Ascites that does not respond or recurs after high-dose diuretics and sodium restriction should be considered refractory ascites (1) . This should not be confused with diuretic tolerance which is a predictable decline of response to diuretic therapy that can be observed in majority of patients. Frequently, there is a gradual deterioration in renal function as cirrhosis advances. Patients with diuretic-resistant ascites have been designated to have pre-hepatorenal syndrome and a poor prognosis. The effect of this deterioration is basically an inability to maintain the extracellular fluid volume within normal limits. Factors involved in individual's response to loop diuretics include dose, bioavailability, kidney function, hemodynamic stability, renin-aldosterone system and serum albumin. The multiplicity of these factors renders it difficult to austerely predict response to diuretic therapy and may explain in part the variability from study to another in evaluating the importance of individual factors (5) . Changes in renal perfusion can play a key role in determining differences in the dose-response curve of diuretics. In fact, the increased renal arterial resistance can cause water and sodium retention due to the reduction in glomerular filtration pressure (6) .
Patients and Methods
This study included patients of both sex with decompensated chronic liver disease of any etiology who presented for follow up at Suez Canal university hospitals. Patients who met the following criteria were included: a) age between 25-75 years, b) no evidence of hepatocellular carcinoma or any other malignancy, c) no evidence of systemic infection or spontaneous bacterial peritonitis, d) a mean arterial pressure equal to or more than 75 mmHg, e) no evidence of active GIT bleeding f) no evidence of hepatic encephalopathy g) serum sodium more than 115 mEq/L and serum potassium more than 3.4 mEq/L, h) serum creatinine less than 3.5 mg/dl, i) can stop diuretics for a diuretic wash-out period of 4 days. The study was carried out as before after experiment on a single cohort of patients and included 110 patients who were admitted for 3 days to assess initial and response to furosemide therapy, and the following data were collected 24 hours before starting diuretics: sex, age, body weight, mean arterial blood pressure, 24 hour urine output, ascites grade, prothrombin time, serum albumin, serum bilirubin, serum creatinine, eGFR, blood ph., and renal resistive index. Also, patients received salt restricted diet (Na 100 mmol/day). Then IV furosemide was started in the following doses (according to serum creatinine): S. CR. <1mg/dl (60 mg), S. CR. >1 to <1.4 mg/dl: (80 mg), S. CR. >1.4 to <1.8 mg/dl: (120 mg), S. CR. >1.8 to < 2.5 mg/dl: (160 mg) and S.CR. >2.5 to 3.5 mg/dl: (200 mg). Together with spironolactone in the fixed dose of 50 mg twice daily orally, with daily monitoring of urine output and body weight. At the end of this period initial response is assessed. At day 4,5, and 6 patients were maintained on 150% of initial furosemide dose but received orally, with the same dose of spironolactone.at day 7 the same IV doses received, and sustained response is assessed. Response to diuretic therapy was determined at a cutoff point of an increase in urine output of > 50 ml/Kg/ day, and/or weight reduction of > 0.3 kg/50 kg BW per day. 
Results
One hundred and ten patients with chronic liver disease were enrolled in the study. There was a significant relationship between both grade 3 ascites and Child -Pugh class C and diuretic resistance (p-value 0.013 &<0.001 respectively). While no significant difference was found regarding age, gender, mean BP, or chronic illnesses (Table 1) . There was significant relation between good response and lower renal resistive index, lower S. creatinine and albumin, higher eGFR, higher basal pH. Also, it shows that average urine output in responders was (1645.2 ± 408.5) and average daily weight loss (0.45 ± 0.13) ( Table 2) . Table (3) shows binary logistic regression analysis to find the best predictor of re sponse to furosemide-induced dieresis at day 3. Only resistive index (P-value0.002) and Child Pugh classification (P <0.001) were significant predictors of response to furosemide-induced diuresis. Logistic regression analysis of predictors of response to furosemide diuresis therapy on day 7 is demonstrated in table (4) . Only resistive index (P-value 0.023) and Child Pugh classification (P-value <0.001) were significant predictors of response to furosemide-induced diuresis. 
Discussion
An understanding of what determines patients' response to a diuretic is a prerequisite to the correct use of these drugs. Unfortunately, studies that evaluates predictors of response to diuretics in patients with cirrhosis are few. Univariate analysis of clinical data of study participants revealed that high ascites grade can predict poor response to diuretics. This comes in agree with the Tunisian study by Ennaifer and his colleagues (2016) which revealed that ascites grade 3 was predictive factor of diuretic resistant ascites development in univariate analysis (OR=4.17; p= 0.004) (7) . Furthermore, in a prospective study by Ljubicić et al (1998) large amounts of ascites at the time of diuretic therapy are significant predisposing factors that probably influence drug-induced diuresis (p<0.05) (8) . Moreover, both univariate and multivariate analysis in this study revealed that high Child-Pugh class is risk factor for the development of diuretic resistant ascites. This seems reasonable and agree with other studies as in the prospective Spanish study of Planas et al (2006) , in which Child-Pugh >8 at inclusion was an independent predictor of diuretic resistant ascites with an OR of 1.47 (9) . Moreover, the Egyptian study by El-Bokl and his colleagues (2009) showed that diuretic resistant group had higher child paugh score (10) . In the present data high RRI is an independent predictor of poor response to diuretic therapy in our patients (p<0.001 and 0.002 in univariate and multivariate analysis respectively). Supporting to our results, the results of Ljubicić and his colleagues (1998) showed that the renal arterial RI was significant predictive factor influencing the therapeutic response during diuretic treatment of ascites in non-azotemic cirrhotic patients (8) . Similarly, study by Gornik, and his colleagues (2013) showed that the RRI could be used to guide diuretic treatment in non-hypovolemic, non-hypotensive septic patients (11) . Another study by Iacoviello and his colleagues in (2015) showed that RRI is independently associated with high dose loop diuretics (12) . Univariate analysis of this study revealed that poor diuretic response was associated with higher baseline serum creatinine, lower eGFR (P<0.001), This comes in agreement with analysis from RELAX-AHF study by Voors and his colleagues in (2014) where poor responders were more likely to have lower baseline e GFR and high baseline serum creatinine (p <0.0001) (13) .
Conclusion
This study revealed that high renal resistive index and higher Child-Pugh class are independent risk factors for poor diuretic response and this agree with most studies, also our study revealed that there is no significant correlation between age, gender, and mean arterial blood pressure and diuretic response, and this disagreed with other studies. 
